Abstract :The effects of polyamines were examined for growth and polyamine contents in cuttings, callus and primary adventitious roots of Vins vinifera L. Variations in free, conjugated and wall-bound polyamines in cuttings were observed during rhizogenesis. The main polyamines in cuttings were conjugated polyamines while in callus and primary adventitious roots they were free polyamines. Exogenous polyamine addition did not modify the total number of roots per cutting but increased the mean size and number of long roots. Moreover, exogenous poly¬ amines increased polyamine levels in callus and roots, particurlarly wall-bound and conjugated polyamines. The involvement of these classes of polyamines in morphogenic processes is discussed. 
INTRODUCTION
The proper formation of adventitious roots at the base of stem cuttings is an important developmental phenomenon in their growth and survival. With respect to plant development, it involves the initiation of several new meristematic areas in the differentiated tissues of stem cuttings and their subséquent development into mature root structures. The process appears to be governed by an array of endogenous physiological factors (GASPAR et al., 1997) . Among the endogenous fac¬ tors, polyamines seem be involved in the rooting of stem cuttings but there is much controversy regarding their exact rôle played by polyamines in adventitious root formation at the base of stem cuttings (FRIEDMANéVa/., 1982 (FRIEDMANéVa/., , 1985 BALLESTER et al., 1999) .
During rhizogenesis, an increase in free putrescine and spermidine levels, and in their biosynthetic activity has been reported in différent plant tissue cultures (FREEDMAN et al., 1982 ; CHRIQUI et al., 1986) . In addition to free polyamines, there are two classes of polyamines bound either to low-molecular-weight, prin¬ cipal ly hydroxycinnamic acids (conjugated PA) or to high-molecular-weight compounds (wall-bound PA), whose respective physiological rôles are probably completely différent (SERAFINI-FRACASSINI et MOSSETI, 1986 Les barres verticales représentent la moyenne de 3 répétitions ± SD.
The base and apex of roots were the parts richest in polyamines (figure 3) and the contents did not differ. Nevertheless, their distribution was différent (figure 3) : in apecis, the main polyamines were conjugated poly¬ amines with diaminopropane ; in bases, free polyamines (putrescine and spermidine) predominated. In the middle part, the total polyamine content was very low.
2) Effects of treatment
Polyamine contents in roots : Exogenous polyamine treatment drastically increased total polyamine content in small roots (figure 2). It increased wall-bound and conjugated polyamines (figure 2).
In ail parts of the roots, treatment changed poly¬ amine distribution (figure 2). Exogenous polyamines considérable increased conjugated polyamine levels in the bases of roots while in apices and the middle parts, free polyamines were more abundant than in the control. In apices and the middle parts, the main polyamines were free and wall-bound putrescine while in the bases, the main polyamine was conjugated-diaminopropane.
DISCUSSION
While a few papers have discussed the rôle of free polyamines during the rhizogenesis in cuttings, no work has been published to our knowledge concerning changes in free, conjugated and wall-bound polyamines in this morphogenic process.
Free and bound polyamines appear to be strongly involved in the induction and development of adventitious roots in Viîis vinifera L. Polyamine contents were higher during this morphogenic process and lower when tissues weree either completely differentiated or when rhizogenesis and callogenesis had ceased to occur.
In cuttings, free putrescine and spermidine rose concomitantly at 11 and 31 days of culture, while conjuga¬ ted diaminopropane increased much more than conjugated putrescine and spermidine at 11 and 29 days of culture (data not show). Free polyamines increased in calli concomitantly with the differentiation of primary roots (figure 1 ) and were the main ones in roots (figure 2). Small roots were richer in polyamines (figure 2) than mid-size and long roots and the distri¬ bution of polyamine differed between parts of roots (free polyamines were more numerous in bases while wall-bound polyamines were more abundant in apices) ( figure 3 ).
This suggests a différent rôle and/or utilization of free polyamines than that of bound ones during these morphogenic process, but an interconversion between free and bound polyamines is also a possible hypothesis.
The function of conjugated and wall-bound poly¬ amines during cell division and celiular differentiation is still a matter of debate. The question is whether they are storage forms for the polyamines or biologically active substances by themselves. SLOCUM et GALSTON (1985) suggested that there is only limited exchange between free and conjugated polyamines, at least in tobacco. However, FLORES et FILNER ( 1985) claimed that conjugation to cinnamic acids might be a way of regulating the free polyamine pools in plant cells. It appears that during germination of rice, conjugates of putrescine, spermidine and tyramine act as sto¬ rage form of aminés which, upon hydrolysis, could supply the cell with additional aminés that could in tum influence cell division and/or cell suspension (BONNEAU étal, 1994 A considérable increase in polyamine levels accompanying the growth and induction of roots was observed in apple (WANG et FAUST 1986) . Thus it can be concluded that the early phase of adventious root formation in Vitis vinifera L. requirés high levels of polyamines and particularly conjugated and wall-bound polyamines. At the beginning of rhizogenesis, calli and small roots were richer in polyamines than the other parts, but during growth polyamine levels decreased. Although FRIEDMAN et al. (1982) found no promo¬ tive effects of polyamines on root cuttings, our obser¬ vations lend support to those of JARVIS et al (1983) who reported promotive effects of putrescine, spermidine and diaminopropane in roots of cuttings.
It is probable that the rôle of polyamines in many morphological changes occurring in plant tissues such as somatic embryogenesis, the formation of floral and végétative buds, or rhizogenesis is to promote or assist in cell division. For example, addition of polyaminebiosynthesis inhibitors to thin cell layers of tobacco caused cell expansion and an inhibition of cell division and rhizogenesis, effects which could be reversed by the addition of exogenous polyamines (ALTAMURA étal, 1991 
